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Abstract
Total knee arthroplasty (TKA) is a surgical treatment for degenerative knee conditions
such as osteoarthritis to reduce pain and increase function. Intraoperative soft tissue
releases (STRs) and bony resections (BRs) are necessary for a balanced and aligned
TKA. It is possible that the degree of STRs and BRs is related to final outcome
following TKA and thus there may be implications for patient rehabilitation, patient
expectations, pain medications, and timelines for recovery. Thus, our primary objective
was to examine the association between the number of STRs and BRs performed
intraoperatively and patients’ satisfaction and pain at three months. We performed an
interim analysis on 100 patients who had undergone a TKA. Using multiple regression
models, we showed no association between degree of releases and satisfaction or pain.
These results were limited by sample size such that we are unable to make definitive
conclusions about the relationship between STRs and BRs and outcome following TKA.

Keywords
Osteoarthritis, total knee arthroplasty, total knee replacement, soft tissue, soft tissue
release, bony resection, pain, satisfaction.

ii

Co-Authorship Statement
With the assistance of Drs. Bryant, Somerville, Lanting, Howard, Vasarhelyi, and
MacDonald, I designed a prospective cohort study. We collaborated in the selection and
creation of the patient questionnaires and operative recording form, respectively, while I
was solely responsible for identifying and recruiting patients; identifying issues, problem
solving, and implementing solutions. I wrote the original draft of the manuscript while
Dr. Bryant and Dr. Somerville made suggestions and comments that contributed to this
thesis document. The thesis was sent to the other committee members for their comments
and suggestions toward the final submission.

iii

Acknowledgments
I would like to recognize everyone who guided and supported my efforts in the stages of
my thesis. My sincere appreciation goes out to:


Dr. Bryant for taking me on as a student, and guiding me with all her knowledge
and resources throughout my two years during my program



Dr. Somerville for providing me with an abundance of knowledge throughout
constant and relentless questions



Dr. Lanting for being my clinical guide throughout my program and being so
understanding and helpful with any issues or questions I may have had



Drs. Howard, Vasarhelyi, and MacDonald, and all the residents and fellows for
without them my project would not have been able to happen



The secretaries of all the surgeons: Sandra, Karen, Denise, Anne, and Penny;
dealing with my constant emails and scheduling issues; they truly do not receive
enough credit.



Brenda, Jannine, Erika, Megan, Amanda, and all of the other nursing and
administrative staff at the outpatient clinic who have been invaluable members of
the research team.



Joy, Whitney, Justine, Bronka, and the all of the other professionals at the preadmission clinic who have had to deal with working around me in clinic.



Katharine, Abby, and Shannon for all the help with orienting myself along the
way



Dr. Chesworth for helping me through my analysis



Wale, Bryn and the other students in the lab, for all the good times we’ve had
together
iv



Kyle and Blair, my roommates for the past year. I couldn’t have asked for better
people to live with and deal with my shenanigans.



My mom and my dad for supporting me in every way possible for me to even get
to this stage in my life

v

Table of Contents
Abstract ............................................................................................................................... ii
Co-Authorship Statement................................................................................................... iii
Acknowledgments.............................................................................................................. iv
Table of Contents ............................................................................................................... vi
List of Tables ................................................................................................................... viii
List of Figures .................................................................................................................... ix
List of Appendices .............................................................................................................. x
Acronyms ........................................................................................................................... xi
Chapter 1 ............................................................................................................................. 1
1 Introduction .................................................................................................................... 1
Chapter 2 ............................................................................................................................. 3
2 Literature Review ........................................................................................................... 3
2.1 Osteoarthritis ........................................................................................................... 3
2.1.1

Diagnosis..................................................................................................... 4

2.2 Treatment ................................................................................................................ 5
2.3 Total Knee Arthroplasty ......................................................................................... 6
2.4 Summary ............................................................................................................... 13
Chapter 3 ........................................................................................................................... 14
3 Objectives ..................................................................................................................... 14
3.1 Primary Objective ................................................................................................. 14
Chapter 4 ......................................................................................................................... 15
4 Materials and Methods ................................................................................................. 15
4.1 Setting ................................................................................................................... 15
4.2 Ethics Approval .................................................................................................... 15
vi

4.3 Eligibility Requirements ....................................................................................... 15
4.4 Outcome Measures................................................................................................ 16
4.4.1

Primary Outcome Measure ....................................................................... 16

4.4.2

Secondary Outcome Measures .................................................................. 16

4.5 Sample Size........................................................................................................... 18
4.6 Plan For Analysis .................................................................................................. 18
Chapter 5 ........................................................................................................................... 20
5 Result ........................................................................................................................... 20
5.1 Participant Flow .................................................................................................... 20
5.2 Demographic Information ..................................................................................... 22
5.3 Preoperative vs. Postoperative Outcome Measures .............................................. 23
5.4 Primary Outcome .................................................................................................. 24
5.5 Secondary Outcome .............................................................................................. 27
5.6 Adverse Events ..................................................................................................... 28
Chapter 6 ........................................................................................................................... 30
6 Discussion .................................................................................................................... 30
6.1 Limitations ............................................................................................................ 32
Chapter 7 ........................................................................................................................... 33
7 Conclusion ................................................................................................................... 33
7.1 Directions of Future Research .............................................................................. 33
References ......................................................................................................................... 34
Appendices ........................................................................................................................ 45

vii

List of Tables
Table 1: Baseline Demographics ...................................................................................... 22
Table 2: Frequencies of the number of soft tissue releases and bony resections performed
during total knee arthroplasty. .......................................................................................... 22
Table 3: Preoperative vs. Postoperative Outcome Measure Scores Using Paired Sample tTest .................................................................................................................................... 23

viii

List of Figures
Figure 1: Components of a total knee arthroplasty. ............................................................ 8
Figure 2: Illustration of the three arms of the posterior oblique ligament and surrounding
structures of the posteromedial knee (posteromedial aspect, right knee). ........................ 10
Figure 3: Illustration of the medial knee tendons and ligaments (medial aspect, right
knee). ................................................................................................................................. 11
Figure 4: Participant flow through the study .................................................................... 21
Figure 5: Boxplot of Three Month Satisfaction Score Versus Number of Soft Tissue
Releases and Bony Resections Performed During Total Knee Arthroplasty ................... 24
Figure 6: Histogram of the Frequency of Standardized Regression Residuals Fitted with a
Distribution Curve ............................................................................................................ 26
Figure 7: Normal Probability Plot of Standardized Residuals of the Regression Model . 26
Figure 8: Scatterplot of Standardized Residuals Versus Standardized Predicted Values of
the Regression Model ....................................................................................................... 27
Figure 9: Boxplot of Three Month Numeric Pain Rating Scale Versus Number of Soft
Tissue Releases and Bony Resections Performed During Total Knee Arthroplasty ........ 28

ix

List of Appendices
Appendix A: Ethics Approval ........................................................................................... 45
Appendix B: Letter of Information and Consent Form .................................................... 46
Appendix C: Total Knee Arthroplasty Operative Recording Form .................................. 50
Appendix D: Image Permissions ...................................................................................... 51
Appendix E: Curriculum Vitae……………………………………………………...…...53

x

Acronyms
BMI- Body mass index
CI- Confidence interval
CR- Cruciate retaining
DMCL- Deep medial collateral ligament
HRQOL- Health related quality of life
KL- Kellgren Lawrence
KSS- Knee society score
MGT- Medial gastrocnemius tendon
MPFL- Medial patellofemoral ligament
NPRS- Numeric pain rating scale
OA- Osteoarthritis
OPL- Oblique popliteal ligament
PCL- Posterior cruciate ligament
POL- Posterior oblique ligament
PS- PCL sacrificing
ROM- Range of motion
SD- Standard deviation
SE- Standard error
SF-12- Short form 12 survey
SM- Semimembranosus
SMCL- Superficial medial collateral ligament
STRs- Soft tissue releases
TKA-Total knee arthroplasty
VMO- Vastus medialis obliquus
WOMAC- Western Ontario and McMaster Universities Osteoarthritis Index

xi

1

Chapter 1

1

Introduction

Osteoarthritis (OA) is the most common joint disorder and occurs in one in ten people in
Canada1. End stage OA develops a number of ways, but is more commonly seen as a
result of ‘wear and tear’, or primary OA2. Regardless of how it is developed, OA
presents as a painful and debilitating disease that can lead to severely reduced quality of
life3,4. Lower limb alignment may be a contributor to the development of knee OA.
People that have varus alignment, or are ‘bow-legged’, are prone to increased progression
of OA because varus alignment causes an increased load on the medial compartment of
the knee joint 5. Currently there is no cure for OA, but there are several treatment options
available to help improve quality of life.
The gold standard treatment for knee OA is a total knee arthroplasty (TKA)6,7. A TKA
involves removing the damaged articular surfaces and replacing them with a tibial and
femoral component. These implants work together as a new weight bearing surface for
the knee. In some cases, the patella is also replaced or resurfaced. The implants replace
the arthritic natural articular surfaces with an artificial articular surface, which alleviates
pain and improves functionality of the knee.
During a TKA, several surrounding soft tissues, such as ligaments and tendons, are cut,
or released, to achieve a balanced knee 8-13. The standard of care for a TKA involves
correcting lower limb alignment to neutral (+3° to -3° in the coronal plane), while
balancing the knee by keeping the space between the femur and tibia, in the medial and
lateral compartments, equal6,14,15. The number of releases varies for each individual and
is primarily based on their preoperative alignment.
Post-surgery quality of life, pain, function and satisfaction are important considerations
when evaluating the outcome of TKA7,16-19. The literature suggests that about 20% of
patients who have undergone TKA are dissatisfied at one year post-surgery20-24. It is
unclear whether the intraoperative procedures to correct alignment influence these patient
important postoperative outcomes.
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Currently there are no published studies evaluating the relationship between patientimportant outcomes following TKA and the extent of soft tissue release or bony
resection. Thus the purpose of our study was to evaluate the relationship between soft
tissue releases and bony resections performed during a TKA to achieve neutral lower
limb alignment and the patients’ pain and satisfaction up to one year. Further, if the
extent of soft tissue release and bony resection is associated with outcome following
TKA, then there are implications for patient rehabilitation, patient expectations, pain
medications, and timelines for recovery. Depending on the strength of the association,
there may also be implications for research and whether or not future studies should
stratify or adjust the analyses of outcomes for this factor.
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Chapter 2

2

Literature Review

2.1 Osteoarthritis
Osteoarthritis (OA) is a chronic degenerative disease, and is the most common form of
arthritis. OA can affect any joint within the body, although it is commonly observed in
the knees, hips, and hands1,4,25. OA progresses gradually and worsens over time. There
is currently no cure for OA, but treatments exist that slow the progression and improve
quality of life with the disease25.
OA is painful and is characterized by structural changes to the joint, such as loss of
cartilage, meniscal damage, osteophyte formation, and inflammation1,3-5. In the knee, OA
can present both unilaterally and bilaterally4. Symptoms of OA include stiffness,
decreased range of motion (ROM), tenderness, and pain. People experiencing OA of the
knee will also complain of functional limitations such as symptomatic squatting,
kneeling, and climbing stairs3,4.
Osteoarthritis can be classified into two different groups: primary or secondary2. These
two classes share similar characteristics, however the cause of the arthritis is what
differentiates them. Primary OA is associated with aging and is more commonly
diagnosed than secondary. It is sometimes referred to as “wear and tear” OA. Secondary
OA originates from a specific cause such as injury, obesity, or other diseases2.
There are three distinct areas where OA presents in the knee: medial tibiofemoral, lateral
tibiofemoral, and patellofemoral compartments. Medial tibiofemoral OA is most
commonly diagnosed and may be associated with varus alignment5. Varus, or bowlegged, alignment is determined by drawing a line from the centre of the femoral head
(hip) to the centre of the talus (ankle) to determine the load bearing axis26. Varus
alignment is diagnosed when the load bearing axis lies medial to the knee. This
alignment results in increased load on the medial tibiofemoral compartment which causes
accelerated progression of OA5. Valgus, or knock-kneed, alignment is the opposite of
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varus. This occurs when the weight bearing axis lies lateral to the knee, which can cause
issues in the lateral tibiofemoral compartment5,26.

2.1.1 Diagnosis
Diagnosis of OA is primarily accomplished by diagnostic imaging. Although a variety of
imaging techniques (e.g. magnetic resonance imaging, ultrasound) can be used to
diagnose OA, radiographic imaging (x-ray) is utilized most often due to its low cost and
ease of use25,27.
OA is radiographically defined by the presence of osteophytes within the joint, but the
degree of joint space narrowing is most commonly used to assess the severity of OA4,27.
Osteophytes are bony protrusions, also known as bone spurs, which occur in degenerative
joints28. These osteophytes are a reparative response to the destruction of cartilage within
the joint. Cartilage does not appear on x-rays, but the amount of cartilage in the joint is
represented by the space between the bones, or joint space width4,25,27. The Kellgren and
Lawrence (KL) grading system is used to assess and define radiographic findings for the
severity of OA based on the presence of osteophytes and joint space narrowing. The KL
system grades include: Grade 0 (no evidence) – no osteophyte formation or joint space
narrowing; Grade 1 (doubtful) – minimal osteophytes, possible joint space narrowing;
Grade 2 (minimal) – definite osteophytes, possible joint space narrowing; Grade 3
(moderate) – multiple and larger osteophytes, moderate diminution of joint space; Grade
4 (severe) – large osteophyte formation, joint space greatly impaired with sclerosis of
subchondral bone29.
Clinical evaluation coupled with radiographic assessment is useful for making the
diagnosis of OA. Clinical review involves the clinician taking a detailed history which
includes asking about symptoms and the mechanism of these symptoms. Specifically,
pain during rest, pain at night, and pain while climbing stairs are key indicators of OA
progression. Other symptoms such as stiffness, loss of ROM, inflammation, and joint
tenderness are also noted during the clinical examination4,30. If necessary, lab tests such
as blood tests and joint fluid analysis can also be done to eliminate other diseases such as
rheumatoid arthritis, gout, or infection25. Clinical examination in conjunction with
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radiographic evaluation is the most widely used method to diagnose and assess the
severity of OA, which is a necessary step in developing a treatment plan.

2.2 Treatment
When a person is diagnosed with OA, there are various treatment options that may be
considered. Non-surgical treatments consist of weight loss management, exercise, pain
medications, and intra-articular injections. After non-surgical treatments are exhausted,
only then are patients considered for surgical options. Several surgical options exist;
such as high tibial osteotomy and unicompartmental knee arthroplasty, but the gold
standard for knee OA treatment is a total knee arthroplasty (TKA)6,7.
The design for the modern TKA implant was developed by Dr. John Insall and his
colleagues out of The Hospital for Special Surgery in 197031,32. The design of the
implant has been modified slightly over the years, but the overall concept still remains
the same; replace the knee joint with implants that mimic the articular surfaces of the
knee. Since the beginning of the development of the procedure, both patient and clinical
evaluations have reported good results. Initial reports (two to five years post-surgery)
found that 93% of patients scored excellent or good using the Special Surgery Knee
Scoring System31,32. In a 15 year implant survivorship study by Ranawat et al., they
found that 92% of patients reported scores of ‘good’ or better33, which is comparable to
the initial five year report. Overall survivorship of the implant was found to be 94.6% at
15 years33. All of the patients were treated in the same centre, by the same consultants
and it was a small sample size which resulted in an underpowered study. Further
validated outcome measures would need to be used to evaluate the effectiveness of TKA
in multiple centres and with a larger sample size.
In 2004, Ethgen et al. published a systematic review that reported health related quality
of life (HRQOL) outcome measures of TKAs between six to twelve months
postoperatively. They found early benefits from TKA16, but their study was limited by
the relatively small sample size of included studies, as well as inconsistent follow-up
period and lack of standardization of outcome measures across studies. A recent metaanalysis from 2015, conducted by Shan et al., verified that TKA is the gold standard for

6

knee OA treatment. This analysis pooled all studies which used HRQOL outcome
measures when evaluating TKAs with at least three years of follow-up. When combining
multiple HRQOL measures, the pooled effect size was greater than 1.07. In statistical
analysis, an effect size of greater than 0.8 is considered large34, which in turn indicates
that TKA is very effective at improving HRQOL35. This study had one major limitation
which was the limited number of studies that fit their criteria. Of 243 articles identified,
only 19 were eligible to be included. Although this is a small proportion of published
studies, this meta-analysis is strongly indicitive of the effectiveness of TKA in improving
HRQOL7.
Patient satisfaction is as equally important as functional outcomes following TKA.
Although TKA is the most effective way to treat knee OA, it has been found that only
75% to 89% of people are satisfied with their knee replacement20-24,36,37. The majority of
these studies retrospectively conducted their satisfaction questionnaires and reported
overall satisfaction with TKA. Nakahara et al. found that functional activities such as
climbing stairs, getting in and out of a car, and walking and standing were key
determinants in patients satisfaction following TKA23.

2.3 Total Knee Arthroplasty
There are many criteria in which a patient must fit before they can be considered eligible
for a TKA. The patient must demonstrate a significant amount of pain and/or disability
from OA and must have also failed conservative (non-operative) treatment6. There are
many contraindications to receiving a TKA: joint infections, neurological deficit,
extensor mechanism deficiency, insufficient pain and/or disability, inadequate attempts of
conservative treatment, and severe medical risks due to other comorbidities6.
Several types of TKA implants can be used which is primarily based on surgeon
preference. The posterior cruciate ligament (PCL) is a ligament that provides stability
from posterior translation of the tibia. The surgeon can decide their preference for a
cruciate retaining (CR) or a posterior stabilized (PS) TKA. In a CR knee, the PCL is not
removed and acts as it normally would within the knee after surgery. In a PS procedure,
the PCL is excised and the tibial component has a PCL substitute called the ‘post’. These
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two approaches have shown similar outcomes, as described in two large meta-analyses.
Bercik et al., found that both PS and CR TKAs had excellent long-term results. The
only difference between the two implants was that PS TKAs showed a slight increase in
ROM, but this difference was negligible and unlikely to have any clinical significance38.
Another meta-analysis of randomized controlled trials by Li et al., found similar results
in regards to ROM, as well as no difference in Knee Society Scores and complications at
two and five years39. Due to these results, PS vs CR is a surgeon dependent variable that
should be decided based on surgeon preference and not based on difference in outcome.
Patellar resurfacing is another decision that a surgeon must consider when performing a
TKA. Patellar resurfacing involves resecting the articular portion of the patella, which is
affected by OA in some patients, and replacing it with a polyethylene articular
component40. Surgeons approach patellar resurfacing similarly to PS vs CR TKAs;
mainly by preference. Some surgeons will resurface all of the time, others none of the
time, while some will choose based on the severity of the patellar OA41. Multiple studies
have looked at outcomes at various time points and they have consistently found that
there is no difference between knee scores, knee pain, or radiographic outcomes
following patellar resurfaced or patellar retained TKAs40,42-44.
Regardless of the type or technique used, the ultimate goal of TKA is to create a
functional, painless knee as well as providing long term survival of the joint6. To ensure
the longevity and proper functionality of the knee replacement, correct limb alignment is
vital to allow for even wear on the hardware. To ensure even wear, limb alignment is
corrected to neutral alignment (-3° to +3°), eliminating varus and valgus forces6,14,15.
After all necessary corrections are made to the alignment, prosthetic components are
installed on the distal femur and proximal tibia (Figure 1).
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Figure 1: Components of a total knee arthroplasty.
Reproduced from Tortora GJ, Nielsen MT. Principles of Human Anatomy. Vol 12th ed. (Roesch
B, ed.). Jefferson City: John Wiley & Sons, Inc.; 201270, reprinted with permission from Wiley
(Appendix D).

Neutral alignment is achieved by a combination of bony resections (BRs) and soft tissue
releases (STRs). BRs on the femur are based on preoperative templating using the
intramedullary axis and zero degrees from the mechanical axis on the tibia in the coronal
plane6,45. In the sagittal plane, the distal femoral cut should be 90° to the intramedullary
canal. The tibial cut is made depending on the knee replacement system and design as
well as the patient’s anatomy, but in general the surgical objective is about a three degree
posterior slope6. These cuts begin the correction of alignment towards neutral as well as
account for proper flexion and extension gaps that will be important later in the surgery.
Depending on the patients’ preoperative alignment, the series of STRs can vary. In
addition to the initial incision to allow for exposure to the joint to make the surgery
possible, additional soft tissues on the medial side may be released to create a balanced
knee after the BRs in a patient with varus medial arthropathy. The deep medial collateral
ligament (DMCL) is generally the first soft tissue released11,46-48. The DMCL lies
directly underneath the superficial medial collateral ligament (SMCL) which both
originate on the posterior aspect of the medial femoral condyle. The DMCL inserts onto
the edge of the medial tibial plateau and medial meniscus49. The DMCL is a secondary
stabilizer of the knee from valgus forces when the knee is in extension50. Approximately
50% of it is released to the mid-coronal plane as part of the standard exposure51. If

9

further correction is needed, the complete DMCL is released. Generally these two
releases are completed first to correct mild varus alignment, but for more severe
alignment, further releases must be performed11,46-48. Although the order in which these
releases are done are not standard across all surgeons, in general, most surgeons follow
general guidelines which fit most patient profiles as described as follows:
Following the release of the DMCL, the medial posterior capsule is the next structure that
is targeted to correct alignment52. The joint capsule acts to seal the joint space, passively
stabilize the joint in multiple directions, as well as provide joint position feedback
through proprioceptive receptors53. The joint capsule is the deepest layer surrounding the
knee and has posterior attachment points on the femur and tibia, several centimetres
superior and inferior to the joint space, respectively53,54. Since the joint capsule is the
deepest layer surrounding the knee, the release is approached intra-articularly through the
joint space.
Semimembranosus and the posterior oblique ligament (POL) are generally the next soft
tissues releases, if needed15. Semimembranosus is a long muscle that runs down the
posterior side of the leg, originating from the ischial tuberosity on the pelvis and inserting
on the capsule as well as the posterior aspect of the medial condyle of the tibia49,55(Figure
2 and Figure 3). Semimembranosus helps to flex the knee and extend the hip, as well as
provide medial rotation to the knee. It is also known to contribute to medial stability
especially when the knee is flexed56.
The POL consists of three arms: superficial, central, and capsular (Figure 2 and Figure 3).
These three arms branch off the distal tendon of semimembranosus posteromedially and
inferiorly to the knee articulation49,57. The general course for the POL is from the
adductor tubercle of the femur, continuing distally to the tibia and semimembranosus
tendon57. The primary function of the POL is to prevent medial rotation of the knee
while the knee is extended, as well as resist valgus forces while the knee is being
extended57. Both the semimembranosus and POL are in close proximity with the
posterior capsule, so in order to achieve releases of these two ligaments, the release of the
posterior capsule is continued posteriorly.
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Figure 2: Illustration of the three arms of the posterior oblique ligament and
surrounding structures of the posteromedial knee (posteromedial aspect, right
knee).
sMCL = superficial medial collateral ligament, SM = semimembranosus muscle, MGT = medial
gastrocnemius tendon, and OPL = oblique popliteal ligament.
Reproduced from LaPrade RF et al. The anatomy of the medial part of the knee. J Bone Joint
Surg Am. 2007;89(9):2000-2010. doi: 10.2106/JBJS.F.01176.49, reprinted with permission from
The Journal of Bone and Joint Surgery (Appendix D).

Lastly, the SMCL is released to complete the correction of varus alignment. The SMCL
is the largest ligament on the medial knee spanning from the medial femoral epicondyle
to two attachments proximally and distally to the medial condyle of the tibia (Figure 2
and Figure 3). The proximal attachment is primarily soft tissue rather than bone, where it
converges with the tendon of semimembranosus, while the distal attachment is located on
the posteromedial crest of the tibia49. The SMCL acts as the primary restrictor of valgus
forces in the knee58. Two approaches can be used to release the SMCL. The first option
is a more conservative method which releases the ligament gradually and is referred to as
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the “pie crust” method. To accomplish this, small horizontal cuts using a small scalpel or
perforations using a large bore needle are made throughout the ligament to slowly
increase laxity. The other method is referred to as the “deep” or distal release which
involves a full release of the distal SMCL using a blunt instrument to sweep the SMCL
off the tibia48.

Figure 3: Illustration of the medial knee tendons and ligaments (medial aspect, right
knee).
VMO = vastus medialis obliquus muscle, MPFL = medial patellofemoral ligament, POL =
posterior oblique ligament, sMCL = superficial medial collateral ligament, SM =
semimembranosus muscle
Reproduced from LaPrade RF et al. The anatomy of the medial part of the knee. J Bone Joint
Surg Am. 2007;89(9):2000-2010. doi: 10.2106/JBJS.F.01176.49, reprinted with permission from
The Journal of Bone and Joint Surgery (Appendix D).

Osteophytes are removed throughout the procedure as well which allow for a smooth
distal femur and proximal tibia to ensure correct balancing and prevent soft tissue
impingement46,48. Bony resections such as tibial reduction osteotomy as well as medial
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epicondyle osteotomy can be performed as well if the patients’ knee is severely
malaligned13,59. Tibial reduction osteotomy involves removing a portion of the
posteromedial tibia that flares out. This decreases the distance that the surrounding
ligaments have to travel, resulting in increased joint space59. Medial epicondyle
osteotomy accomplishes increased joint space as well. The osteotomy allows the
mobilization of the epicondyle with all the soft tissues attach to the epicondyle, including
the superficial MCL. This allows the joint space to open by allowing the epicondyle to
move distally, decreasing the tension on the medial soft tissues60.
The tibial component is installed by drilling a hole down the intramedullary axis of the
tibia as well as creating space for the medial and lateral metal flares on the tibial
component6. After the bone is cleaned, cement is applied to both the bone and prosthetic
component and the component is impacted into place. Similar steps are taken for the
femoral component, but without drilling into the bone since the femoral component fits
directly over the existing femoral condyles. All excess cement is removed at this time,
and a trial tibial polyethelene implant can be inserted onto the tibial component6.
Extending the leg will compress the components further into place. From here, the
surgeon can determine whether further steps are required to balance the knee.
Flexion and extension gaps are measured through the entire procedure to ensure a
properly balanced knee51. These gaps refer to the joint space between the femur and tibia
in flexion and extension when viewed anteriorly. If a gap is symmetrically too tight, it
can cause limitations in ROM, while if the gap is too loose, it will cause hyperextension
or instability in the joint resulting in poor functionality of the joint and poor longevity of
the implant47. These gaps can be measured by using the trial tibial polyethylene
implant47. If the gaps are found to be too tight or too loose, then appropriate STRs or
BRs may be necessary to fix the issue. Proper shape of the gap is also ensured by
performing the necessary releases. Ideally the gap space should be rectangular, having
equal spacing on the medial and lateral sides, which ensures even wear on the implant. If
there is asymmetry of the gap space in extension or flexion, the patient can perceive
instability. Since instability is one of the most common reasons of revision61, the success
of the surgery is partially dependent on the ability to balance the joint. The gap space can
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be tested by using a laminar spreader, static spacer blocks, or by digital imaging47.
Asymmetry can be determined from these tools and further releases can be performed to
balance the joint. Once the surgeon believes the knee is properly balanced, the trial tibial
component can be removed and the permanent polyethylene component can be inserted
and snapped into the locking mechanism of the tibial component, completing the
procedure.

2.4 Summary
Osteoarthritis is a severely debilitating disease that primarily affects load bearing joints
such as the knee. Progression of this disease leads to severe pain and mechanical issues,
causing a severe burden on the person affected. Medial tibiofemoral compartment OA is
the most common form of knee OA seen, and is associated with varus alignment. After
exhaustion of conservative treatment options, TKA is the gold standard for treating OA
of the knee, which involves replacing the articular surface within the knee to return
functionality and relieve pain.
Currently no literature exists that links the variability of releases within the TKA
procedure with patient pain and satisfaction postoperatively. If intraoperative releases
and cuts can be quantified and related to postoperative pain, this information can be used
to improve patient satisfaction towards 100% by informing patients on realistic
expectations following their surgery.
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Chapter 3

3

Objectives

3.1 Primary Objective
Our primary objective was to evaluate whether there is any relationship between soft
tissue releases and bony resections performed during a total knee replacement to achieve
neutral lower limb alignment and the patients’ pain and satisfaction throughout the
postoperative timeline.
We hypothesized that the number of soft tissue releases and bony resections performed
during a total knee arthroscopy will not have any association with patients’ satisfaction or
pain at three months post-surgery.
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Chapter 4

4

Materials and Methods

4.1 Setting
The prospective cohort study took place in London, Ontario at the Rorabeck Bourne Joint
Replacement Clinic at the London Health Sciences Centre’s (LHSC) University Hospital.
The clinic serves seven orthopaedic surgeons specializing in total knee and total hip
arthroplasty, four of whom participated in this study. The three surgeons who were not
part of the study were excluded because two of them used patellar resurfacing, while the
other used a cruciate retaining implant. Patients who participated read the Letter of
Information, signed the Consent form (Appendix B) and completed questionnaires before
surgery, one- and two- days post-surgery, two weeks, six weeks, three months, and 12
months post-surgery. Following surgery, the consulting surgeon completed a form
detailing the specifics of the surgery.

4.2 Ethics Approval
We obtained approval from the University of Western Ontario’s Health Sciences Research
Ethics Board (Appendix A).

4.3 Eligibility Requirements
Eligible patients were those older than 18 years of age who were receiving a primary TKA
for OA. We excluded patients if any of the following were present: (1) rheumatoid arthritis;
(2) valgus alignment; (3) prior femoral or tibial osteotomy/ trauma; (4) Charcot joint; (5)
prior knee infection; (6) patellar resurfacing; (7) cruciate retaining implant; (8) inability to
speak, understand, or read English; (9) cognitive impairment or psychiatric illness that
precludes informed consent or renders patient unable to complete questionnaires; (10) no
fixed address and no means of contact; (11) did not consent.
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4.4 Outcome Measures
We administered all outcome measures preoperatively, day one and two post-surgery, two
weeks, six weeks, three months and 12 months post-surgery. For the purpose of this thesis,
we reported the results up to three months post-surgery.

4.4.1 Primary Outcome Measure
The primary outcome measure is the Knee Society Score (KSS). KSS consists of patient
reported and clinician reported sections. The patient reported questionnaire consists of
three sections: expectations (15 points), satisfaction (40 points), and function (100
points). These sections can be combined for a total score. The clinician reported form
consists of five sections: pain (50 points), alignment (25 points), stability (25 points),
range of motion (25 plus bonus points) and deductions for flexion contracture and
extensor lag (up to -30 points). These sections can be combined for a total score. There
are two versions of this form; one to record pre-surgery scores, and the other to record
post-surgery scores. A higher total indicates a better outcome. KSS is a widely used
outcome measure that has been proved to have good validity and reliability62-64,
specifically for use with TKA.

4.4.2 Secondary Outcome Measures
4.4.2.1 SF-12 Health Survey (SF-12)
SF-12 is a condensed version of the SF-36 questionnaire designed to assess functional
health and well-being. It is a patient reported outcome measure that consists of 12
questions regarding both physical and mental health on a three to five point ordinal scale.
The physical and mental components are scored on the population normalized scale. A
lower score indicates reduced functional health and well-being.
The SF-12 survey has been extensively used in research, and has proved to be a valid,
reliable, and responsive outcome measure. It has also been shown that it maintains these
qualities when used in orthopaedic studies65.
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4.4.2.2 Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC)
The WOMAC was designed to assess pain, stiffness and physical function in patients
with hip and/or knee arthritis. The WOMAC is a patient-completed questionnaire which
consists of 24 items that are divided into three sections. The three sections include: pain
(five items), stiffness (two items), and physical function (17 items). There are two
different versions of the WOMAC which are the Likert Scale or the 100mm Visual
Analog. For the purposes of this study we will be using the Likert Scale. For each item
in the WOMAC there are five descriptors: none, mild, moderate, severe, and extreme.
Each of these descriptors corresponds to a nominal scale of zero to four. For each
section, the answers are given a numerical representation and the sum of the responses
include possible ranges of zero to 20 (pain), zero to eight (stiffness), and zero to 68
(physical function). All three sectional scores are added together at the end and the
summed amount indicates the severity of the patients’ pain, stiffness, and physical
function. The higher the WOMAC score, the worse the pain, stiffness, and physical
functionality. The method that we used to calculate the score inverts the WOMAC score,
indicating that a higher WOMAC score means less pain, less stiffness, and increased
functionality.
In a systematic review completed by McConnell et al., the WOMAC was found to be
valid, reliable, and sensitive for use in TKA studies18. They also found consistent
responsiveness for all three WOMAC subsections within knee arthroplasty studies (pain
1.14 (0.8 ± 0.7), stiffness 0.88 (0.7 ± 0.8), physical function 1.14 (0.8 ± 0.7). Internal
consistency has been shown to be high for all sections, while test-retest reliability is high
for the physical function and pain sections18.

4.4.2.3 Numeric Pain Rating Scale (NPRS)
The numeric pain rating scale (NPRS) is a patient reported measure for pain consisting of
an interval scale from zero to ten; zero indicating no pain, and ten indicating the worst
pain imaginable. Patients were asked to record their average pain for day one and day
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two after surgery, as well as at two weeks, six weeks, three months, and 12 months
postoperatively.
Williamson et al. found that the NPRS is valid and reliable, as well as has high sensitivity
in clinical settings19. NPRS has also been shown to be the simplest and most efficient
way of collecting pain intensity postoperatively19.

4.4.2.4 Surgical Information Form
Preoperatively, the clinician indicated their predictions of which STRs and BRs that
would be required to achieve neutral alignment for each patient based on viewing only
the radiographs. Postoperatively, the clinician recorded the soft tissue releases (STRs)
and bony resections (BRs) actually performed during each TKA. The form consists of
seven STRs and three BRs commonly used during a TKA (Appendix C). The clinician
also reported any laxity in the knee immediately post-surgery. Laxity was recorded in
millimetres from zero to greater than three while the patient was in extension and with 30
degrees of flexion at the knee.

4.5 Sample Size
The sample size needed for this study was estimated using the rule of thumb suggested in
a book by Harrell66. He suggested that for every independent variable in a linear
regression model, you need to have a minimum of 10 to 15 observations. In our case we
wanted to use six independent variables: STRs and BRs performed during TKA,
preoperative alignment, preoperative NPRS, preoperative WOMAC function, previous
TKA, and BMI. In order to use six independent variables, we would need a minimum
sample size of 60 to 90. We hoped to enroll 300 to 400 patients to have a sufficient
number of patients who fall into each category of releases. For the purpose of this thesis,
we conducted an interim analysis on 100 patients.

4.6 Plan For Analysis
We used SPSS version 22.0 to perform the analysis of the data. We used descriptive
statistics to present the demographic characteristics of the study participants using means
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and standard deviations for continuous variables (age, BMI) and proportions for nominal
variables (sex, operative knee, previous TKA, number of releases performed).
We used a Pearson’s product-moment correlation coefficient (Pearson’s r) to determine
whether there was a correlation between the preoperative alignment and the STRs and
BRs performed during the surgery.
We used paired sample t-tests to compare the means of the pre-surgery and post-surgery
outcome measures to determine whether patients were improving after their TKA. We
reported the means at each time point with the standard errors, as well as the mean
difference and the confidence intervals surrounding them.
To address our primary objective, we used linear regression to determine the magnitude
of the association between the STRs and BRs performed during the TKA procedure, and
the patients’ satisfaction at three months. The same analysis was done comparing the
STRs and BRs with pain at three months. The regression model was reported with the
corresponding F statistic and degrees of freedom, and associated p-value.
To visualize the relationship, we used boxplots of the satisfaction scores against the
number of STRs and BRs performed. A boxplot was also used to visualize the pain
score. Boxplots were shown with 95% confidence intervals. If the linear regression did
not support a linear relationship then we planned to explore whether other relationships
(for example, quadratic) might fit better.
We performed diagnostics for our regression model to test for assumptions associated
with regression modeling. To test for normal distribution of residuals, we visually
analyzed a distribution graph of the standardized regression residuals fit with a
distribution curve. Further to that, we also visually analyzed a normal probability plot of
the standardized regression residuals. To test for heteroscedasticity, we visually analyzed
a scatter plot of the standardized residuals versus the predicted values. Finally, to test for
any collinearity between our independent variables we performed a variance inflation
factor (VIF) diagnostic test.
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Chapter 5

5

Result

5.1 Participant Flow
The flow of patients through each stage of the study is outlined in Figure 4. We screened
607 patients from July 2014 to July 2015. Of these, 273 did not meet the eligibility
criteria and 29 refused to participate.
We excluded patients if they had a Charcot joint (n=1), had cognitive issues (n=5) ), if a
language barrier existed (n=17), had suffered a prior femoral fracture (n=9), had a prior
HTO (n=13), had prior open knee surgery (n=20), was receiving a revision TKA (n=5),
had rheumatoid arthritis (n=9), had suffered a prior tibial fracture (n=17), were in valgus
alignment (n=118).
Patients were also excluded for a variety of unforeseen issues such as: bilateral TKAs
simultaneously (n=2), had a lower limb amputation (n=2), had chronic referred pain
syndrome (CRPS) (n=1), if they were physically unable to complete the forms (n=1), or
had cancelled their surgery (n=8).
Initially we excluded patients who had already experienced a TKA in the other knee
(n=25), but this was later amended since we were looking to capture a large sample size
and we felt that it would have no impact on the outcome measures.
Two hundred and twelve eligible patients gave consent to participate in the study. Twenty
patients were excluded after surgery because they received patellar resurfacing making
them ineligible. Twenty three patients were excluded after surgery because the operative
data was missing. Three patients were withdrawn from the study at the three month
follow-up; two because they refused to complete the forms, and one because they were
lost-to-follow up.

21

Assessed for
Eligibility (n=607)

Ineligible (n=273)

Eligible (n=334)

Enrolled (n=212)

Surgery (n=183)

2 weeks (n=173)

Declined to participate
(n=29)
Enrolled in other studies
(n=24)
Missed at random (n=69)

Withdrawn (n=44)

Cancelled (n=8)
Cognitive issues (n=5)
Language barrier (n=17)
Prior femoral fracture (n=9)
Prior HTO (n=13)
Prior open knee surgery (n=20)
Prior TKA (n=25)
Revision (n=5)
Rheumatoid arthritis (n=9)
Prior tibial fracture (n=17)
Valgus (n=118)
Other (n=7)

Patellar resurfacing (n=20)
No operative form (n=23)
Deceased (n=1)
6 weeks (n=155)

3 months (n=128)

Withdrawn (n=3)

1 year (n=0)

Did not want to complete
forms (n=2)
Lost-to-follow up (n=1)

Figure 4: Participant flow through the study
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5.2 Demographic Information
At the time of analysis, 100 patients had completed three month follow-up visits. Patient
demographic characteristics are shown in Table 1. Mean age and BMI were similar to a
typical TKA study cohort15,20,23.
Table 1: Baseline Demographics
Characteristic
Sex, n (%)
Male
Mean age ± SD, y
BMI ± SD, kg/m2
Affected knee, n (%)
Left
Previous TKA, n (%)

Value (n=100)
47 (47)
70 ± 9.08
32.76 ± 7.52
45 (45)
34 (34)

Abbreviations. BMI= body mass index; SD= standard deviation; TKA= total knee
arthroplasty
Frequencies of the number of soft tissue releases and bony resections performed during
total knee arthroplasty are given in Table 2. The majority of patients (66%) received two
or three releases during surgery.
Table 2: Frequencies of the number of soft tissue releases and bony resections
performed during total knee arthroplasty.
Number of STRs/ BRs
1
2
3
4
5
6
7
8

Frequency
4
28
38
6
12
6
4
2

Abbreviations. STRs- soft tissue releases; BRs= bony resections
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5.3 Preoperative vs. Postoperative Outcome Measures
All outcome measures were compared between the preoperative assessment and three
month follow-up (Table 2). All patient-reported and surgeon-reported outcomes showed
a statistically significant improvement between pre-surgery and three months postsurgery, except for the mental component of the SF-12 survey (p=0.24), and the
expectations component of the patient reported KSS, which queries the degree that
expectations are met or not met, at three months (p<0.001).
Preoperative alignment was correlated with the number of releases performed during the
TKA, r=0.30, p=0.002, which was expected.
Table 3: Preoperative vs. Postoperative Outcome Measure Scores Using Paired
Sample t-Test
Outcome Measure
WOMAC
Pain
Stiffness
Function
Total
KSS (patient)
Satisfaction
Expectations
Function
Total
SF-12
PC
MC
NPRS
KSS (surgeon)
Pain
Alignment
Stability
Motion
Total

Baseline
(mean ± SE)

Three Months
(mean ± SE)

Mean Difference (95% CI)

p-value

45.4 ± 1.6
40.6 ± 1.9
46.6 ± 1.6
44.8 ± 83

75.48 ± 1.6
66.26 ± 1.9
76.06 ± 1.6
73.76 ± 1.4

30.1 (26.0 to 34.2)
25.7 (20.8 to 30.5)
29.4 (25.6 to 33.3)
28.9 (25.3 to 32.6)

<0.001
<0.001
<0.001
<0.001

12.5 ± 0.7
13.4 ± 0.2
56.0 ± 2.6
81.9 ± 3.0

30.4 ± 0.8
9.7 ± 0.3
101.7 ± 2.9
141.9 ± 3.4

17.9 (16.0 to 19.8)
N/A
45.7 (39.2 to 52.3)
60.0 (52.3 to 67.6)

<0.001
N/A
<0.001
<0.001

29.2 ± 0.8
55.7 ± 1.2
6.1 ± 0.2

41.2 ± 0.94
54.4 ± 0.95
2.1 ± 0.17

12.1 (10.1 to 14.1)
-1.3 (-3.5 to 0.9)
-4.0 (-4.4 to -3.5)

<0.001
0.24
<0.001

15.9 ± 1.0
-10.0 ± 0.0
11.3 ± 0.5
10.6 ± 0.6
27.5 ± 1.4

39.1 ± 0.9
23.0 ± 0.8
15.0 ± 0.1
16.1 ± 0.2
92.8 ± 1.3

23.2 (20.9 to 25.5)
32.9 (31.2 to 34.6)
3.7 (2.7 to 4.6)
5.5 (4.3 to 6.6)
65.3 (62.0 to 68.5)

<0.001
<0.001
<0.001
<0.001
<0.001

Abbreviations: SE= standard error; CI= confidence interval; WOMAC= Western Ontario
and McMaster Universities Osteoarthritis Index; KSS= Knee Society Score; SF-12=
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Short Form 12 questionnaire; PC= physical component; MC= mental component; NPRS=
Numeric Pain Rating Scale.

5.4 Primary Outcome
The number of soft tissue releases (STRs) and bony resections (BRs) performed during a
TKA was not associated with satisfaction scores from the KSS (F (5, 87) = 1.77, p=0.13),
with an R2 of 0.09, and adjusted R2 of 0.04.
Since the data seemed to suggest a potential relationship between the number of releases
and satisfaction from zero to four releases (linear) and five to eight releases (quadratic),
we tested for the presence of an interaction term but found no significant interaction
(Figure 5).

Figure 5: Boxplot of Three Month Satisfaction Score Versus Number of Soft Tissue
Releases and Bony Resections Performed During Total Knee Arthroplasty
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Next, we used a quadratic nonlinear regression model to test the association between
satisfaction score from KSS based on the number of STRs and BRs performed during a
TKA. We found a significant relationship (F (2, 97) = 3.416, p = 0.037), with an R2 of
0.07 and an adjusted R2 of 0.05. We then reran the model with all of our independent
variables included and found no significant association (F (7, 85) = 1.67, p=0.13), with an
R2 of 0.12 and an adjusted R2 of 0.05.
Next, since the boxplot suggested a linear relationship for the first four releases and a
quadratic relationship for five to eight releases we tested whether the association was best
described by splitting the data into two datasets (0-4 releases; and 5-8 releases). The
linear model using only the patients who underwent 0-4 releases showed a significant
association with satisfaction (F (1, 74) = 14.698, p<0.001), with an R2 of 0.17 and an
adjusted R2 of 0.15. The quadratic model using only the patient who underwent 5-8
releases did not show a significant association with satisfaction (F (2, 21) = 0.99,
p=0.39), with an R2 of 0.09.
Finally, we categorized patients into 0-3 or 4 or more releases, conducted a linear
regression and found a significant relationship between number of releases and
satisfaction (F (1, 98) = 7.03, p = 0.01), with an R2 of 0.07 and an adjusted R2 of 0.06.
In terms of diagnostic tests, our standardized residuals and our normal probability plot
confirmed that our data was approximately normally distributed (Figure 6 and Figure 7).
Next, our standardized residuals versus our standardized predicted values from our
regression model (Figure 8) showed a symmetrical ‘cloud-like’ shape, indicating no
heteroscedasticity. To ensure that we did not have significant multi collinearity, we
calculated the variance inflation factors (VIF). Each independent variable showed a VIF
value of less than 1.5, which indicates low collinearity.
To reinforce that our quadratic nonlinear model is the best fit for our data, we compared
the diagnostic tests from our linear model to our quadratic nonlinear diagnostic tests. The
linear model showed negative skewness of residuals and therefore a less normal
distribution, as well as greater deviance from the normal probability plot.
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Figure 6: Histogram of the Frequency of Standardized Regression Residuals Fitted
with a Distribution Curve

Figure 7: Normal Probability Plot of Standardized Residuals of the Regression
Model
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Figure 8: Scatterplot of Standardized Residuals Versus Standardized Predicted
Values of the Regression Model

5.5 Secondary Outcome
There was no significant association between NPRS score and the number of STRs and
BRs performed during a TKA (F (1, 98) = 3.10, p=0.08), with an R2 of 0.03, and adjusted
R2 of 0.02. The boxplot further confirmed no relationship (Figure 9).
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Figure 9: Boxplot of Three Month Numeric Pain Rating Scale Versus Number of
Soft Tissue Releases and Bony Resections Performed During Total Knee
Arthroplasty

5.6 Adverse Events
Thirteen patients in our analysis experienced adverse events between their surgery and
the three month follow-up. Six patients suffered a fall between their two week and three
month follow-ups. Five of the patients did not experience any increased pain or injury
associated with the fall. The sixth experienced a medial femoral condyle avulsion which
required no additional intervention. One patient suffered from a pulmonary embolism
while recovering at the hospital after their surgery. This was treated with anticoagulation
medications for three months and is expected to resolve without further intervention.
Two patients experience stiffness in the knee, which required manipulation. Both
patients improved from manipulation and continued with regular rehabilitation to fully
resolve the issue. Two patients suffered from numbness around their knee which was
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followed up with by an anesthesiologist and is expected to resolve. One patient suffered
from a superficial infection that was fully resolved following a course of Keflex. Finally,
one patient experienced anterior knee pain secondary to a gait abnormality. The patient
was educated about adherence to physiotherapy instructions and focusing on their gait.
We expected the pain to resolve within a few months.
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Chapter 6

6

Discussion

As expected, all patient reported outcome measure scores improved from pre-surgery to
post-surgery following TKA. We aimed to assess the relationship between patients’
satisfaction and pain postoperatively and the number of soft tissue releases (STRs) and
bony resections (BRs) performed during a total knee arthroplasty (TKA).
Sixty-six out of the 100 patients had two or three releases performed during their surgery
which was related to their preoperative alignment. We collected preoperative alignment
and we found a correlation between preoperative alignment and number of releases,
which was expected. A patient with greater malalignment would require a greater
number of releases.
Our boxplots suggested that patients receiving more STRs and BRs were more satisfied
with their TKA. This may be contrary to what the majority of people would expect since
more STRs and BRs during surgery would indicate more trauma to the knee and
subsequently more pain and therefore less satisfaction. This is most likely not the case
because by the time patients reach the three month follow-up, the incision site and the
majority of the structures around the knee have healed such that the differences in pain
scores are indiscernible between people with different number of releases. This can be
seen by a boxplot of NPRS versus number of STRs and BRs (Figure 9). This boxplot
shows that pain levels across every release group are similar, which would enforce that in
our study pain does not have an impact on satisfaction at three months.
The second possible explanation for greater satisfaction with more releases could be
explained by the patients’ change in alignment from pre-surgery to post-surgery. Patients
who are receiving a greater number of releases are the patients who are more severely
varus to begin with and by correcting their alignment towards neutral, the varus forces
acting on the knee are reduced more considerably than a patient with less severe varus
alignment. Varus thrust is a main contributor to the varus forces which is visualized
during gait as the worsening of varus alignment as the limb becomes weight bearing69.
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The reduction in forces on the knee is larger in patients with more severe varus alignment
preoperatively which could be related to greater satisfaction. This will have to be
explored further once radiographs are taken at one year.
Because of the exploratory nature of this study, we tested different regression models to
see whether there was any association between satisfaction and the STRs and BRs
performed. Our analysis did not support a linear relationship unless we restricted the
analysis to patients who underwent 0-4 releases or if we included patients who received
greater than 3 releases as one group. It may be that once four or more releases are
performed, the outcomes for satisfaction plateau. Due to our small sample size, it is
unclear whether this association will remain once recruitment is complete. We found no
significance when we ran a quadratic nonlinear model though the association did improve
over the linear model, which suggests that it may still be a viable option for exploring the
relationship once all of the data is collected.
There may be several different explanations for why we did not observe a significant
association. One possible reason is that we are looking at three month data which may be
too early to identify patients who are satisfied or dissatisfied. It may be that three months
is not a sufficient amount of time for patients to have been living with their new knee to
fully gauge whether or not they are satisfied. It may turn out that at one year post-surgery
is when the patient no longer considers themselves as still recovering and our distribution
of satisfaction scores reflects a wider distribution of scores. In addition, we had very few
patients who were dissatisfied (21%), making it difficult to identify common elements
among them to precisely define a relationship.
Patient expectations may be a better proxy for reporting patient satisfaction rather than a
satisfaction scale. Patient expectations could capture patient specific goals with the use
of a goal attainment scale, which could be determined a priori. Determining whether
patients’ expectations have been met based on which activities they would like to
returning to could be more indicative of a satisfied patient. The use of these outcome
measures along with satisfaction scale could potentially provide more detailed measure of
overall satisfaction with their knee replacement.
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Finally, the lack of significant association may be explained by our small sample size.
Specifically, we only had four patients who received one release, and twelve patients who
received six, seven, and eight releases, cumulatively. To properly evaluate whether a
relationship exists between satisfaction score and releases, we need to recruit a larger
frequency of patients receiving different numbers of releases.

6.1 Limitations
The most prevalent limitation to this study was our small sample size. However, this was
an interim analysis of the first 100 patients to complete their three month follow-up. A
larger sample size would provide greater certainty in the outcome measures.
Our follow up time could also be a limitation since three months is very soon after
surgery to be determining whether a patient is satisfied or not. Satisfaction may be more
reliable at six or twelve months.
Another limitation to our study was that we did not collect the angle that the tibia was
resected at which impacts the number of STRs and BRs. By increasing the angle that the
tibia is resected at, this can correct the degree of alignment which in turn would lead to
fewer STRs and BRs needed to be performed.
The last limitation would be that our outcome measure may not be an appropriate proxy
for patient satisfaction. The use of a different outcome measure such as patient
expectations, or a combination of outcome measures could be a better indicator of patient
satisfaction.

33

Chapter 7
Conclusion

7

We found that there is preliminary evidence that the number of releases is associated to
satisfaction but not to pain at three months post-surgery. These results are preliminary,
so more definitive conclusions will be made after full completion of the study.

7.1 Directions of Future Research
In the future, we will complete data collection to include 400 patients in the study which
will strengthen our conclusions. With the use of radiographs we plan to retrospectively
determine the angle that the tibia was resected at to determine how it may affect the
number of STRs and BRs performed. We will also explore our two secondary objectives
which include:


To evaluate the direction and magnitude of association between the degree of
correction (or by proxy the number of soft tissue or bony releases) and pain and
satisfaction.



To determine the agreement between the clinician’s preoperative prediction of
soft tissue release and/or bony resection using plain radiographs and actual
procedures performed.

Future research in this area should include a validation study to validate the satisfaction
assessment. An improvement on the study would be to create a follow-up at the six
month time frame in order to gauge if or when satisfaction scores and other outcome
measures differ based on the number of releases performed during surgery.
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